Appropriate consideration of contextual factors is essential for ensuring internal and external validity of randomized and non-randomized evaluations. Contextual factors may confound the association between delivery of the intervention and its potential health impact. They may also modify the effect of the intervention or programme, thus affecting the generalizability of results. This is particularly true for large-scale health programmes, for which impact may vary substantially from one context to another. Understanding the nature and role of contextual factors may improve the validity of study results, as well as help predict programme impact across sites. This paper describes the experience acquired in measuring and accounting for contextual factors in the Multi-Country Evaluation of the IMCI (Integrated Management of Childhood Illness) strategy in five countries: Bangladesh, Brazil, Peru, Uganda and Tanzania. Two main types of contextual factors were identified. Implementation-related factors include the characteristics of the health systems where IMCI was implemented, such as utilization rates, basic skills of health workers, and availability of drugs, supervision and referral. Impact-related factors include baseline levels and patterns of child mortality and nutritional status, which affect the scope for programme impact.
IMCI (Integrated Management of Childhood Illness) is a broad strategy developed in the mid-1990s by the World Health Organization and UNICEF, which has been introduced in over 100 countries (Box 1). A multicountry evaluation (MCE) of this strategy is being carried out in five countries, but some of the early impact results appear to be contradictory. Whereas in Tanzania IMCI appeared to have an impact on nutrition and mortality , in Peru no impact was evident (Huicho et al. 2005b) . Further information on all study sites is provided elsewhere .
Apparently contradictory results are common in the literature, and in this paper we argue that contextual (or external) factors may often explain such discrepancies. In the MCE, special attention was dedicated to documenting and analyzing the role of such factors. In this paper, we summarize this experience, along with its implications for similar studies, and show how contextual factors may explain the discrepancy between the Peruvian and Tanzanian results.
Measuring contextual factors is important for two reasons. First, when crude analyses show an apparent impact of the intervention, investigators must exclude alternative explanations for such a finding. This entails ruling out the possibility that the observed improvement was due to changes in contextual factors. In other words, the investigator should try to exclude the possibility of positive confounding (Last 2001) .
Conversely, an apparent lack of impact may be due to negative confounding, that is, a worsening of contextual factors in the presence of an effective intervention.
Second, many public health interventions are contextspecific. For example, investing in training facility-based health workers may lower infant mortality in a site with high access to health services, but not where accessibility is low. Documenting contextual factors that may have contributed to an intervention having (or failing to have) an impact in a given population is essential to the external validity, or generalizability, of its results. In epidemiology, these contextual factors are described as effect modifiers.
Addressing contextual factors is important in both randomized and non-randomized designs. Randomization reduces, but does not eliminate, the possibility of confounding by baseline contextual factors. This is particularly true when the number of randomization units is relatively small, as is often the case in cluster randomized trials. Therefore, in either type of design, there may, for instance, be baseline differences between intervention and comparison groups that will have to be taken into account in the statistical analyses.
Contextual factors may also affect the external validity of the results in both randomized and non-randomized designs. Inasmuch as randomized trials are more likely to be carried out under atypical conditions than nonrandomized evaluations, generalizing from their results may be even more problematic than for observational studies (Black 1996; Victora et al. 2004 ).
Relevant contextual factors will vary according to the intervention and to the outcome under study. In the next sections we discuss the main types of contextual factors and how these may be measured and accounted for.
Contextual factors as confounders and effect modifiers
To cause confounding, the factor must be independently associated with the intervention and with the outcome. For example, if districts with IMCI also have better immunization campaigns -that are unrelated to IMCIthan non-IMCI districts, then these campaigns are contextual factors that must be taken into account before inferring that IMCI caused, for instance, improved survival rates. Also, if a drought or crop failure was more intense in the IMCI areas, it could negatively confound the observed impact of the programme.
It is important to differentiate between confounding factors and factors that mediate between the intervention and the outcome. For instance, IMCI includes health worker training, which results in better quality care. The better quality care is a mediating variable. Mediating and confounding variables are both associated with the intervention and the outcome, but the former are part of the causal pathway of interest. Other considerations IMCI is a broad strategy for improving child survival and nutritional status, including three components: improving health worker performance, strengthening health systems, and improving family and community behaviours relevant to child health.
1 IMCI focuses on the prevention and case-management of five major killer diseases: diarrhoea, pneumonia, malaria, measles and malnutrition.
IMCI is a strategy for the integrated delivery of several child survival interventions -antibiotics for pneumonia and sepsis, oral rehydration therapy, vitamin A, antimalarials -that have been shown to reduce mortality in well-controlled studies. The Multi-Country Evaluation (MCE) is aimed at documenting the effectiveness of the IMCI strategy as a whole, that is, whether it is possible to implement IMCI on a large scale, thus reaching high population coverage and improving child survival.
The MCE has been under way in five countries -Bangladesh, Brazil, Peru, Tanzania and Uganda -since 1998. In all countries, the evaluation entails the comparison of geographical areas with different levels of IMCI implementation. In Bangladesh, the catchment areas of 10 out of 20 health facilities were randomized to receive IMCI. In Brazil, 23 municipalities with strong IMCI implementation were compared with 23 municipalities without IMCI. In Peru, all 24 departments in the country were studied for assessing the association between strength of IMCI implementation and child health outcomes. In Tanzania, there was a comparison of two districts with strong IMCI and two matched districts without IMCI. Finally, in Uganda the strength of IMCI implementation in 10 districts was related to health outcomes. Further information on the MCE is available elsewhere ).
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The MCE team gave special attention to contextual factors. Tools were developed for the collection of information on changes in socioeconomic, demographic, environmental and other relevant factors over the course of the evaluation. We also documented the delivery of child health interventions other than IMCI in the study area and their population coverage, because of their potential effect on child health.
Box 1. The Multi-Country Evaluation of IMCI

Interpreting impact findings in child survival evaluations i19
besides simple association are necessary to differentiate between mediating and confounding variables.
In addition to confounding, contextual factors can modify the effect of IMCI on child health. When evaluating a health intervention such as IMCI, it is useful to differentiate between two types of effect modifiers:
(a) Implementation-related effect modifiers. Characteristics of the health system in which the intervention is being implemented may affect its impact. For example, appropriate referral of severely ill children to a hospital is an important component of IMCI. In areas where referral facilities are easily accessible and of high quality, IMCI may have a larger impact on child survival than in areas with poor referral. Referral care, therefore, is a potential effect modifier. Another example is supervision; where supervisory activities are strong and regular, health worker training is likely to lead to better performance than where these are weak (Pariyo et al. 2005) . The area of influence of implementation-related factors is shown in Figure 1 . (b) Impact-related effect modifiers. Baseline mortality levels and patterns may determine the likely impact of an intervention. Given the way IMCI was designed, it will have a larger impact in areas with high mortality due to infectious diseases than in areas where most child deaths are due to perinatal causes. Also, where existing health systems are strong and baseline coverage with child survival interventions is high, IMCI can be expected to have a smaller impact than elsewhere (Figure 1) .
A less evident type of effect modification relates to whether or not the outcome is measured in the population group in which an impact is most likely. For example, because IMCI is specifically addressed at the problems of children aged between 7 days and 5 years, its impact on mortality at this age range is likely greater than its effect on total under-five mortality. The latter includes many deaths that occur in the first week of life, that are not in the age range covered by IMCI as implemented at the time of the study (more recently, some countries have extended IMCI to also provide care in the first week of life). In addition, excluding deaths due to other conditions that are not related to IMCI (e.g. injuries and malformations) should lead to a greater net measure of effect than if all-cause mortality is examined. Another example is stunting prevalence, which is usually low until the age of 2 years, because children in poor countries tend to have normal birth length, but become progressively stunted over their first 2 years of life (Shrimpton et al. 2001) . The impact of IMCI on stunting may be underestimated if measured among all under-five children instead of among 2 to 5-year-olds. This was the case in Tanzania where growth was significantly improved in the IMCI districts relative to the control districts in 2 to 5-year-olds. This impact was not apparent when age groups in which the effect had not found full expression were included.
Effect modifiers must be properly identified, measured, reported and taken into account when interpreting study results. In multi-country studies such as the MCE, effect modifiers may also be modelled in cross-site analyses. It may also be possible to identify effect modifiers within 
Obtaining data on contextual factors
Careful thought should be given to identification of contextual factors at the study planning stage. In the MCE, the early development of a conceptual model was essential . This model specified, based on the literature, how IMCI was expected to influence child survival and nutrition (in Figure 1 , the impact model is shown inside the dashed rectangle). The model was particularly useful for separating confounding factors (external to the intervention) from mediating factors between the intervention and outcomes, which by definition cannot cause confounding. In the five MCE sites, data on levels and trends of different types of contextual factors were collected (Table 1 ). In the next section we discuss the main sources of data used for collecting information on contextual factors.
In public health evaluations, the units of analyses are usually population groups, rather than individuals. In the MCE, the units were administrative districts or departments in Tanzania, Peru and Uganda; municipalities in Brazil; and health facility catchment areas in Bangladesh.
Data on contextual factors must refer to the same geographical units as those used in the evaluation. This poses a problem for some variables that may not be readily available at the required level of aggregation.
Demographic and socioeconomic indicators
Data on socioeconomic and demographic variables are routinely available from national censuses and household surveys. Such information must be available for the administrative or geographical areas that constitute the study units. In the MCE, such data were available for all countries except Bangladesh, where the study units were health facility catchment areas. Because prospective evaluations often require a baseline health survey, demographic and socioeconomic contextual variables should be included in the questionnaire. In the MCE, this was done in Tanzania, Uganda and Bangladesh.
Asset indices (Filmer and Pritchett 2001) are becoming popular for assessing family wealth by measuring household characteristics, such as ownership of radios, television, type and size of houses, etc. Although these variables are often collected in national censuses, asset indices are seldom calculated for small geographical units, such as those used in evaluations. Again, baseline surveys for the evaluation may be used to collect such information by incorporating a small number of questions, typically 10 or so. An alternative may be to obtain access to the national census data files and to reanalyze them at the required geographical level, but in the MCE this was only possible in Brazil.
Composite socioeconomic indices are often made available by national or international organizations. For example, in many countries the United Nations' Development Program calculates the Human Development Index (HDI) for sub-national areas. This index is constructed using life expectancy, educational variables and per capita gross domestic product.
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Although composite indices may be useful for assessing baseline characteristics, it may be preferable to use the separate components variables rather than the aggregate score. Special caution should be taken when using these indices as potential confounding variables in child mortality analyses, because child mortality is already incorporated in the life expectancy variable, and controlling for the HDI may represent an over-adjustment.
Environmental characteristics
Data on geographical characteristics such as altitude, climate and area are available from national geographical bureaux and are usually easy to obtain. Rainfall data may be harder to obtain. In Tanzania, this variable was a potential confounding factor due to the high malaria mortality rates. Remote sensing data from satellites were used to estimate rainfall patterns in the four districts in the study (Lusinde et al. 2003) . Data on household environmental characteristics (e.g. water and sanitation) are usually available from national censuses, or may alternatively be measured in baseline surveys.
Baseline health indicators
Information on baseline mortality levels may be obtained from routine sources or from special surveys. In the MCE, approaches varied from country to country. In Tanzania, parts of the four evaluation districts had been under demographic surveillance for a number of years. Data on mortality levels and trends were thus available. In Bangladesh and Uganda, demographic surveys had to be carried out at baseline to estimate under-five mortality rates based on reproductive histories.
Indirect methods are often used to provide estimates of child mortality based on demographic censuses or surveys. These methods are based on asking women about their past reproductive histories, including births and child deaths. Whereas these may be the most reliable source of mortality information in many areas, there is an important caveat. These methods typically produce mortality estimates dated to about 5 years before the survey, due to the retrospective nature of the data collected. When results are disaggregated by smaller geographical areas, in order to compensate for the smaller sample size it may be necessary to go further back in time, and estimates may refer to a time point about 10 years before the actual survey. In Peru, for example, the 1996 Demographic and Health Survey provided country level estimates that refer to a period around 1991, and departmental level estimates referring to around 1986. Therefore, the usefulness of such information for short term evaluations of health programmes is severely limited.
Vital registration data were used in the Brazil and Peru studies. Because death registration is incomplete in some areas, the interpretation of mortality rates may be affected. However, if registration is reasonably complete, there are ways to correct for under-reporting, as described in the Peru case-study below.
A special challenge is how to obtain baseline data on child nutrition for small geographical areas. Demographic and Health Surveys usually provide information at the national and sometimes provincial level, but not for districts or municipalities. To improve the precision of small area results, the MCE used the mean z-score of weight or height for age, instead of the proportion below À2 z-scores (World Health Organization 1995). If a baseline survey is being carried out for the evaluation itself, weight and height measures should be incorporated.
Health services characteristics
Intervention and comparison areas should be compared in terms of baseline health services characteristics. Supply side factors such as availability of first level and referral facilities, staffing patterns, drug supply and supervision activities, as well as demand side factors such as utilization rates, may differ significantly between areas. As the Tanzania MCE showed, different districts are seldom fully comparable in terms of health infrastructure. For example, one of the four study districts had a large hospital run by a non-governmental organization, while hospital facilities in the other districts were more limited. Although it may not be possible to match intervention and comparison areas perfectly in terms of health services, it is nevertheless important to document differences so that these are considered in the interpretation of results.
The presence of user fees may also constitute a major contextual factor, affecting both internal and external validity. In Uganda, user fees were present at the onset of the study but were eliminated half way through (Burnham et al. 2004) . This led to a 27% increase in utilization by under-five children accompanied by a reported decline in health worker morale, both of which may affect IMCI impact in this study that entailed a longitudinal assessment of IMCI impact over time.
An important point in the context of interventions that are mainly delivered through health facilities, such as IMCI, is to avoid treating mediating variables as contextual factors. For example, if IMCI implementation increases utilization or referral rates, the latter should not be treated as confounding variables. Statistical adjustment for such variables will likely lead to underestimating the true effect of IMCI.
In the MCE experience, obtaining reliable data on health services infrastructure proved to be more difficult than anticipated. Ministries of Health were often unable to provide accurate and up to date information on the number of facilities, and particularly on staffing patterns, at the district or municipal level required for the evaluation. In Peru, it was necessary to visit all 24 departments in the country, and even then information was patchy. In Brazil, repeated contacts had to be made with municipalities. Despite the fact that in many countries large amounts of data are collected by health workers and local managers, these data are often not compiled in any useful way that could contribute to monitoring or evaluation. In particular, information on expenditures for child health activities was very hard to obtain at district or national level.
Coverage of other interventions
IMCI is a broad strategy that promotes the delivery of several child survival interventions, including antibiotics, antimalarials, oral rehydration therapy (ORT), vitamin A supplementation and vaccines. Many of these interventions may also be delivered in the same geographical areas by other governmental or non-governmental programmes. For example, in Tanzania vitamin A was distributed through 6-monthly national campaigns, and a social marketing programme promoted insecticidetreated mosquito nets.
The presence of other health interventions affected the IMCI impact evaluation in two main ways. Baseline coverage of child survival interventions was an important effect modifier. For example, IMCI may have limited potential impact in an area where initial coverage of, say, vitamin A, ORT and measles vaccine are already high. The second issue is confounding; if there are marked changes in coverage of mosquito nets in some evaluation districts but not in others, for example, these trends may confound the effect of IMCI, either positively or negatively.
To obtain such information, it may be necessary to interview key informants from governmental and nongovernmental institutions active in child health. In the MCE experience, these were the most difficult contextual factors to measure adequately, as reliable information on coverage was seldom available. For example, an NGO operating in a district would report being active in a given number of villages; however, there was no denominator to which this figure could be related regarding the proportion of children in the programme villages that were reached by the intervention. At most, it was possible to obtain rough estimates of the provision of activitiesnumber of meetings held, number of mosquito nets distributed, etc. -but in the absence of additional data, this information is of limited use. Also, it proved difficult to obtain reliable information on expenditure, both from governmental and non-governmental organizations.
In Tanzania, Bangladesh and Uganda, reliable estimates of the coverage of other health interventions were obtained by incorporating appropriate questions in the population-based child health surveys carried out as part of the MCE.
In the next two sections of this paper, we describe the main results obtained in Tanzania and Peru regarding contextual factors, and how these were addressed in the assessment of IMCI impact.
Tanzania case study
The MCE in Tanzania entailed the comparison of four neighbouring districts, two with and two without IMCI, from 1999 to 2002. By 2000, over 80% of health workers in the two intervention districts had been trained in IMCI. All four districts had part of their populations under continuous demographic surveillance for a number of years, allowing the comparison of time trends in underfive mortality at virtually no added cost. Although an evaluator might prefer to have more than four districts, the number of units available for study in large-scale evaluations is often limited.
Analysis of under-five mortality rates based on the demographic surveillance systems showed that 1999 mortality levels were almost identical, but in 2002 mortality in the IMCI districts was 13% lower than in the comparison districts. Due to the nature of the data collected by the surveillance systems, it was not possible to exclude from the analyses all first week deaths. Given that first week deaths are outside the age range covered by IMCI, the actual impact of the intervention on deaths occurring after the first week is likely larger.
In addition, there was a significantly greater reduction in the prevalence of stunting among children aged 2-5 years in the IMCI districts than in comparison areas . This difference was not apparent in ages other than those where impact was expected and until baseline stunting prevalence was taken into account -yet another example of the importance of carefully identifying the groups which can show impact and incorporating baseline contextual factors in the analyses.
Two questions must be addressed. First, are these differences due to IMCI or to other differences between the districts? Secondly, can these results be generalized to other countries?
The first question relates to internal validity. When the study was designed, key contextual factors were examined (Table 2 ). Based largely on the geography of the four districts, a matched design was proposed with two pairs: Rufiji and Kilombero, Morogoro Rural and Ulanga. In real life, no two districts are perfectly matched, but it was felt that the proposed matching was satisfactory.
The evaluation lasted from 1998 to 2002. During this period, efforts were made to document trends in potentially important contextual factors, such as those listed in Table 1 . Special emphasis was given to documenting the implementation of child survival interventions other than IMCI through desk reviews of plans, budgets, reports and expenditure, and interviews with over 40 key informants. For each set of possible interventions, a table was prepared specifying, for each of the four districts, the institutions involved, the nature of the activities, and whenever possible, the estimated coverage. An example of the type of information collected on interventions related to nutrition and vaccination is given in Table 3 . Although the list of agencies active in the study area is likely to be complete, it was very hard to obtain even rough coverage estimates.
In addition, household sample surveys were carried out in 1999 and 2002 in the four districts, to assess the impact of IMCI. The surveys, each covering about 2000 under-five children in the four districts, also assessed population exposure to contextual factors and changes over time. Our objective was to identify relevant factors that changed rapidly and differentially between IMCI and comparison districts, over the study period. Over 20 indicators were investigated. No important changes in socioeconomic or demographic variables were observed, except for a famine in 1999 that affected all districts. In addition, important changes were observed in four sets of interventions:
Antimalarial use for children with fever in the 2 weeks before the survey fell from 42% in 1999 to 28% in 2002, following a policy to use sulphadoxinepyrimethamine instead of chloroquine as the first-line antimalarial drug; there was no evidence of a difference between IMCI and comparison districts. Vitamin A coverage increased sharply from 14% in 1999 to an average of 76% in 2002. These improvements were related to the distribution of vitamin A through mass campaigns with UNICEF support, and were equally successful across all the districts, with no difference between the IMCI and comparison districts in either attained coverage or change over time.
Due to the small number of study units -only four districts -it was not possible to carry out formal statistical analyses of how contextual factors might confound the effect of IMCI. Nevertheless, data on contextual factors allowed us to assess the plausibility that the observed mortality difference was due to IMCI. The higher coverage of vaccination and mosquito nets in comparison districts would have tended to counteract the impact of IMCI on child survival. For vitamin A, levels were similarly low in all four districts in 1999 and rose equally by 2002, and cannot therefore account for the greater drop in mortality in the IMCI areas over the study period. Stunting prevalence was higher in IMCI districts in 1999, which would also tend to go against an impact of IMCI. The Tanzania MCE results show that, among the over 20 contextual factors that were evaluated, none were likely to account for the difference in mortality rates observed between IMCI and comparison districts.
The second question posed at the start of this section is whether or not the Tanzania results may be generalized to other settings, that is, if contextual factors may have enhanced or reduced the impact of IMCI. As discussed earlier, effect modifiers may be identified within an individual study, if the number of study units (e.g. districts) is large and if there is sufficient variability between them, which was not the case for the Tanzania MCE. There remained, however, a need to identify how factors present in Tanzania might affect the generalizability of MCE results to other settings. This is where the multi-country design of the MCE proved to be essential. The study team reviewed IMCI implementation in loco in 12 countries to choose five study sites , and the experience gained in this process allowed us to identify facilitating factors that may have contributed to the positive impact of IMCI in Tanzania.
The Tanzania MCE took advantage of the fact that two district health teams had been provided with health management tools and some discretionary funds, which contributed to their decision to implement IMCI as a top priority for reducing their burden of disease. 4 IMCI in these two districts was characterized by a marked improvement in health worker performance (Armstrong- Schellenberg et al. 2004 ) which acted as a mediating variable between implementation and impact.
Analysis of this situation suggests that there were two facilitating factors in terms of implementation-related effect modifiers:
Health workers trained in IMCI were performing under a relatively well-functioning health system with strong district health management. For example, drugs were mostly available and some supervision activities were in place. In the absence of adequate drug supply and supervision, IMCI may be less effective in reducing mortality. Utilization of health services for under-five children was quite high, with 40% of children sick in the 2 weeks before the survey being brought to a facility for care (Schellenberg et al. 2003) . In addition, health care was provided free of cost. These factors might contribute to a larger impact of IMCI case-management than in settings where utilization is low or where user fees are present.
There were also three relevant factors that may have reduced the potential impact of IMCI:
Referral was problematic; due to the large distances, together with the cost and availability of transport, very few of the children referred to a hospital by IMCI providers were actually taken to a hospital. During much of the study period, the first-line antimalarial was chloroquine, in spite of evidence of a high prevalence of drug resistance. Although this was true for all four districts, improved malaria treatment by IMCI-trained providers would not have its full impact on mortality due to resistance. There were no specific IMCI-linked activities in the study districts in terms of the third IMCI componentimproving family and community behaviours relevant to child health.
In terms of impact-related effect modifiers, baseline mortality levels were high, with under-five mortality rates of approximately 120 per 1000 live births, and with many deaths due to key IMCI conditions such as malaria, pneumonia and diarrhoea. This may contribute to a greater impact of IMCI than one might observe in low mortality settings, or in those with a different pattern of causes of death.
When extrapolating the effects of the Tanzania MCE to other settings, these facilitating factors and barriers should be taken into account.
Peru case study
The Peru evaluation entailed documenting time trends between 1996 and 2000 for IMCI implementation and for several outcome variables. All 24 departments in the country were included in an ecological analysis. Limited information on IMCI implementation was available at national level. Therefore, it was necessary to visit all departments to obtain such information. Data on contextual factors were also collected during the visits.
In Peru, training of facility-based health workers (doctors and nurses) was the strongest of the three components of IMCI. There were few specific activities related to the second component (strengthening health systems to support IMCI), although child health management had been strengthened in the past by longstanding programmes for the control of diarrhoeal and acute respiratory diseases. In terms of the third component of IMCI, community activities were under way in parts of the country, but coordination with the first component was poor (Huicho et al. 2005a) . As a consequence, training coverage among doctors and nurses in government health facilities was identified as the most appropriate variable to represent IMCI implementation. Training coverage in 2000 ranged from 0% to 67% in the 24 departments.
Nationwide Demographic and Health Surveys carried out in 1996 and 2000, as well as annual National Household Surveys, 5 provided information on contextual factors including female education, family income, water supply, sewage disposal and availability of electricity, all of which are proxies for economic development. In addition, three composite indices were used: baseline (1996) levels of the Human Development Index, the proportion of the population living below the poverty line, and the proportion with unmet basic needs (Herrera 2002) .
As in the other MCE sites, trends in under-five mortality and in stunting were the main outcome variables. Underfive mortality rates were estimated from routine vital statistics corrected for under-registration. 6 The 1996-2000 period was associated with rapid reduction in under-five mortality in Peru. Mortality rates fell between 21% and 49% in different departments. The velocity of reduction, however, was not related to trends in IMCI training coverage in this period. The correlation coefficient between training and mortality reduction, using the 24 departments as the units of analyses, was 0.048 (p ¼ 0.82).
Changes in nutritional status were assessed by comparing mean height for age z-scores from the 1996 and 2000 Demographic and Health Surveys (use of mean z-scores instead of proportions below a cut-off results in greater precision for a given sample size). Eight departments showed negative changes (the largest being À0.94 z-score) and 16 positive changes (the highest being 0.64 z-score). Thus, average height increased in most districts, but there was no significant association with IMCI training coverage (r ¼ 0.222; p ¼ 0.29).
Thus, the crude analyses of the Peru MCE did not show significant associations between IMCI training coverage and either mortality or stunting. Examination of contextual factors was necessary for ruling out the possibility that a true association was present but was being hidden by negative confounding factors. All analyses were therefore repeated using partial correlation coefficients, adjusted for the above-listed contextual factors. The coefficients were r ¼ À0.173 (p ¼ 0.55) for mortality reduction, and r ¼ 0.116 (p ¼ 0.69) for mean z-score change in height for age. Therefore, contextual factors related to socioeconomic status did not explain the apparent lack of IMCI impact.
The next question was to examine if coverage levels of other child health programmes may have affected the results. As in other countries, obtaining such data proved to be a difficult task. National level key informants, including managers of all relevant governmental and nongovernmental programmes, were interviewed and existing documentation was reviewed. During the departmental visits, local health managers were asked about such activities in their departments. Table 4 shows the three large-scale programmes known to be active at the time of the study. In short, accounting for measurable contextual factors in the Peru MCE did not change the conclusion that there was no association between IMCI training and either child mortality or nutrition. Therefore, the apparent lack of IMCI impact could not be explained by these contextual factors.
Contextual factors, however, may affect the generalizability of the Peru results, as well as explain why these differ from the Tanzania findings. As discussed elsewhere (Huicho et al. 2005a,b) , there were several local characteristics that may have contributed to the lack of an effect of IMCI. As in Tanzania, we started by identifying implementation-related effect modifiers:
National IMCI training coverage was around 10% by 2000, being above 40% in only four of the 24 departments, whereas in Tanzania coverage was above 80% in the two IMCI districts. Departmental teams were not strengthened as in Tanzania, and had limited ability to deliver IMCI. For example, supervision activities were almost nonexistent. Community-level IMCI activities were not coordinated with health worker training in either country.
In terms of impact-related effect modifiers, baseline under-five mortality levels ranged from about 30 to 90 per 1000 (the national rate being 47), well below those observed in Tanzania. Unlike Tanzania, where IMCIpreventable causes such as malaria and diarrhoea account for up to 70% of all under-five deaths, in Peru almost half of all under-five deaths take place in the first month of life, when IMCI is less likely to be effective.
In retrospect, one may ask whether Peru was an appropriate site for evaluating IMCI, given that implementation was less than optimal, and potential impact was limited by the cause distribution of deaths. We would argue that the choice of Peru was justified because shortcomings in implementation were only identified as a result of the evaluation, and detailed information on causes of death became available during the study period. Peru was a leading country in the Americas in scaling up IMCI and the research team expected to find strong implementation activities. A related question is whether or not it was worthwhile to measure impact, given the early findings on insufficient implementation. Because impact analyses were based on secondary data and did not require costly surveys, it was felt that such analyses were worthwhile for answering the question on whether or not IMCI, even when not fully implemented, could have a measurable impact on nutrition and mortality.
Conclusions
We have summarized experience gained in identifying, measuring and analyzing contextual factors in a multicountry impact evaluation. A conceptual model of how IMCI might affect child mortality and nutrition was developed in the evaluation planning phase, and was used to identify relevant contextual factors (Table 1 and Figure 1 ). Building this list proved to be much easier than actually obtaining the information. Whereas data on socioeconomic, demographic and environmental factors were relatively easy to obtain, it was difficult to acquire information on health and nutritional status, health services provision and, in particular, on other health programmes also active in the study area. This reflects a more general problem -information systems for health services provision and mortality data clearly need to be improved. For example, in none of the countries involved could the national IMCI coordinators tell us the training coverage for each part of the country, and considerable efforts had to be undertaken to measure this indicator in a reliable way.
An even more chaotic situation applies to information on coverage of governmental and non-governmental programmes. In all MCE countries there were multiple, largely uncoordinated programmes being run by different agencies, and obtaining even rough information on catchment areas and coverage levels was nearly impossible. This led to our greatest frustration in collecting information on contextual factors. The establishment of a central registry for such programmes, to be updated regularly, would undoubtedly contribute to planning and evaluation activities.
Regarding the need to rule out contextual factors as an explanation for an apparent IMCI impact (or lack thereof), the Tanzania and Peru case-studies provide two very diverse approaches. In Tanzania, the small number of study units (four districts altogether) precluded a formal statistical multivariable analysis, but nevertheless a detailed examination of contextual factors failed to disclose any changes that might account for the observed impact of IMCI.
In Peru, the number of units was considerably larger (24 departments) and a formal statistical analysis was possible through partial correlation. Unfortunately, the study was limited by difficulties in quantifying some of the most important contextual factors, namely those referring to the coverage of other child survival interventions.
Other statistical techniques may also be used. Direct or indirect standardization may be employed to make intervention and control areas comparable in terms of contextual factors. Regression analyses may be carried out if the number of study areas allow. Another possibility is to carry out simulation analyses, for example, estimating how much the increased coverage of an external intervention or factor would be expected to affect mortality in the study areas, and to discount this effect from the observed changes (Victora et al. 1996) .
In addition to treating contextual factors as potential confounders, the MCE also addressed how such factors may explain why apparently contradictory results were found in different countries, as exemplified by the Tanzania and Peru case studies. In large-scale public health evaluations, effect modification is often the rule rather than the exception , and it is essential to have careful documentation of factors that may explain why findings often appear to be inconsistent in different sites. A useful distinction was that between implementation-related effect modifiers -reflecting the shortcomings in programme implementation under real life, effectiveness conditions -and impact-related modifiers -that reflect how well the intervention is suited to the baseline health status of the population.
There are also additional ways in which proper understanding of contextual factors may contribute to improved evaluations. Previous knowledge on causal pathways is essential for separating confounding from mediating factors. Such knowledge may also contribute to the choice of one-tailed or two-tailed tests for statistical significance, based on the a priori likelihood that the intervention will have a positive impact.
In retrospect, our effort to collect information on contextual factors was mostly successful, although only limited data was obtained in some important areas, such as the coverage of other child health programmes. Information was often qualitative, provided by key informants, rather than quantitative. Although qualitative information often precludes the use of statistical techniques, it is nevertheless useful in helping to interpret findings on impact, or lack of it. Also, a concerted effort at collecting information on contextual factors may help convince readers that the research team paid due attention to the possibility of confounding and effect modification, and thus contribute to increase the credibility of the results.
Large-scale effectiveness evaluations are often limited by a small number of study areas and by the lack of adequate information on important contextual factors. Nevertheless, such studies are frequently the only way to address that key question from policy-makers: does the programme, when implemented routinely, have an impact on health? Careful consideration of contextual factors in the design, data collection and analysis phases is an essential component of high quality effectiveness evaluations. 
